Recurrent binge eating is the hallmark feature of binge eating disorder (BED) and bulimia nervosa, two disorders characterized by considerable impairment and distress (1). Binge eating is strongly associated with obesity and weight gain (2), marking it as a behavior that is particularly relevant to study in obese samples. In accordance with the Diagnostic and Statistical Manual of Mental Disorders 1-4th Edition, binge eating episodes must consist of an unambiguously large amount of food accompanied by a sense of loss of control (LOC) over eating (i.e., objective binge eating (3)). Thus, individuals reporting subjective binge eating (i.e., consumption of an amount of food that is not unambiguously large, but is viewed as excessive by the respondent, accompanied by LOC (4)) would not meet the binge eating criterion for either of these disorders. However, research suggests that LOC is the most salient aspect of binge eating (5), and that this feature is more strongly associated with psychiatric symptomatology than the quantity of food consumed (6). To date, however, no research has systematically explored whether momentary precursors and consequences of aberrant eating episodes differ depending on the presence or absence of LOC and/or the consumption of unambiguously large amounts of food. As LOC eating is prevalent among obese individuals without eating disorders (7) and is related to psychiatric impairment independent of episode size as noted above (6), it is important to characterize the precipitants and consequences of this behavior in obesity even in the absence of BED.
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Recurrent binge eating is the hallmark feature of binge eating disorder (BED) and bulimia nervosa, two disorders characterized by considerable impairment and distress (1) . Binge eating is strongly associated with obesity and weight gain (2) , marking it as a behavior that is particularly relevant to study in obese samples. In accordance with the Diagnostic and Statistical Manual of Mental Disorders 1-4th Edition, binge eating episodes must consist of an unambiguously large amount of food accompanied by a sense of loss of control (LOC) over eating (i.e., objective binge eating (3)). Thus, individuals reporting subjective binge eating (i.e., consumption of an amount of food that is not unambiguously large, but is viewed as excessive by the respondent, accompanied by LOC (4)) would not meet the binge eating criterion for either of these disorders. However, research suggests that LOC is the most salient aspect of binge eating (5) , and that this feature is more strongly associated with psychiatric symptomatology than the quantity of food consumed (6) . To date, however, no research has systematically explored whether momentary precursors and consequences of aberrant eating episodes differ depending on the presence or absence of LOC and/or the consumption of unambiguously large amounts of food. As LOC eating is prevalent among obese individuals without eating disorders (7) and is related to psychiatric impairment independent of episode size as noted above (6) , it is important to characterize the precipitants and consequences of this behavior in obesity even in the absence of BED.
The importance of quantity (i.e., consumption of an unambiguously large amount of food vs. an amount of food that is not unambiguously large) vs. subjective experience (i.e., presence or absence of LOC) of aberrant eating episodes has long been a source of contention in the eating disorders literature (8) . Early studies show that binge eating episodes in bulimia nervosa often consist of relatively small amounts of food (i.e., fewer than 500-600 kilocalories; (9, 10) ), but that these episodes are nevertheless associated with as much momentary distress as eating episodes meeting the operational criteria for binge eating. Other research suggests that within both clinical and community samples, LOC, rather than episode size, accounts for the severity of eating disorder symptoms, psychiatric comorbidity, Research suggests that loss of control (LOC) while eating (the sense that one cannot control what or how much one is eating) is a more salient feature of binge eating than the amount of food consumed. This study examined the unique contributions of LOC and episode size to negative affect surrounding eating episodes in binge eating disorder (BED) and obesity. Twenty-two obese adults with (n = 9) and without (n = 13) BED completed daily records of eating patterns and mood using ecological momentary assessment (EMA). Linear mixed modeling revealed that across groups, greater premeal self-reported LOC was associated with higher premeal negative affect independent of episode size. For individuals with BED, greater premeal self-reported LOC was associated with higher postmeal negative affect, regardless of the amount of food eaten, whereas for obese controls, the combination of LOC and consumption of large amounts of food was associated with lower postmeal negative affect. Results indicate that LOC, but not the quantity of food consumed, is associated with momentary distress related to aberrant eating in BED. Findings also highlight the need for further research investigating the emotional context surrounding aberrant eating in obese individuals without BED.
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interpersonal dysfunction, and treatment-seeking behavior (11) (12) (13) (14) ; however, it is currently unknown whether similar associations exist with regard to immediate distress surrounding eating episodes. Taken together, these findings suggest that the current diagnostic scheme for BED and bulimia nervosa may fail to capture a significantly impaired subset of the population who consequently may not receive adequate clinical attention for their eating disturbances. The current literature could be further strengthened by examining the unique contributions of self-reported LOC and episode size to the experience of momentary distress in the context of aberrant eating. Binge eating episodes frequently occur against a backdrop of negative affect. According to affect regulation theories, binge eating may provide an escape from aversive emotions and subsequent self-awareness (15), or enable a "trade-off " whereby distressing emotional antecedents to binge eating (e.g., anxiety) are replaced by less distressing emotions consequent to binge eating (e.g., regret (16) ). Affect regulation theories have been supported by both self-report and experimental data in individuals with BED (e.g., refs 5,17,18) . However, these studies are often constrained by retrospective recall biases or by the use of an artificial setting. Over the past decade, ecological momentary assessment (EMA) methodology has been used to study the relation between mood and binge eating prospectively in the natural environment. EMA studies consistently demonstrate that binge eating in BED is preceded by the experience of negative emotions (19) (20) (21) (22) (23) ). Yet, the literature is less consistent regarding affective consequences of binge eating, with one study showing a slight (but nonsignificant) decrease in negative emotions immediately following a binge episode (19) , and others showing an increase in postbinge negative affect (22, 23) . It is currently unclear whether antecedents and consequences vary according to objective size of an eating episode and/or the subjective experience of reported aberrant eating episodes. EMA methodology is well-suited to address this research question because of its ability to assess mood and eating behavior in "real time. "
One unanticipated finding in the EMA literature has been the degree to which binge eating occurs among obese individuals without a full diagnosis of BED. Indeed, in one early study ~2/3 of obese control participants self-reported binge eating during the EMA assessment timeframe (20) , and another study reported no differences between BED and control groups in the frequency of self-identified binge eating episodes (21) . Moreover, in contrast to laboratory-based studies which have found that individuals with BED consume more food during binge meals than obese controls (24, 25) , Greeno and colleagues (20) found no differences between obese individuals with and without BED in terms of the kilocalorie content of self-reported binge meals using EMA. These unexpected findings may be related to reliance on respondent's subjective perception, rather than standardized investigator-based criteria, to identify binge eating episodes. Indeed, recent work by our group (26) demonstrated that when EMA data were augmented by the use of 24-h dietary recall to quantify eating episodes, individuals with BED reported significantly more binge eating episodes during a 1-week period than obese controls. Nevertheless, these studies suggest that aberrant eating is prevalent among obese individuals, even in the absence of BED.
The aim of the current study was to examine, within a sample of obese adults with and without BED, precursors to and consequences of aberrant eating episodes characterized by the presence of LOC, consumption of an unambiguously large amount of food, or the combination of both. Based on the previous literature (19-23), we hypothesized that LOC would be a strong predictor of pre-and postepisode negative affect whereas the amount of food consumed would not. We further hypothesized that the interaction between LOC and the amount of food consumed would not improve the prediction of postepisode negative affect beyond the independent effects of LOC, as consistent with prior data (11) (12) (13) (14) . To our knowledge, no other study has investigated whether the immediate emotional context surrounding aberrant eating varies according to the subjective experience and/or quantity of eating episodes.
Methods and Procedures Participants
Data were collected as part of a larger study of binge eating behavior among obese adults with BED, obese adults without BED, and nonobese adults without BED (26) . Obese adults (BMI (kg/m 2 ) >30) with and without BED were recruited through community and university flyers, and referrals from an eating disorders treatment facility. Individuals were excluded due to pregnancy or breastfeeding, a current diagnosis of a psychotic disorder, previous gastrointestinal surgery, any medical illness requiring dietary modification, the use of medications associated with weight or eating change, concurrent treatment for BED, suicidal ideation, purging, and inability to read English. Inclusion and exclusion criteria were assessed during the phone screen (see "Procedures" section). A total of 75 participants were screened for the study, 40 of whom were enrolled, provided 1-day trial data (see "Procedures" section), and completed the EMA protocol (this number includes the nonobese participants without BED whose data were excluded from the current study). Two participants were excluded from data analyses for what appeared to be invalid EMA data. This left a total sample of 38 participants in the overall study, of whom 22 were included in the current study. Participants received $100 for study participation and were offered another $50 for attending all scheduled appointments. This study was approved by the University of North Dakota Institutional Review Board.
Procedures
Interested participants completed a phone screen to ascertain BED status. The phone screen consisted of assessing eating behaviors over the past month using the eating disorder module from the Structured Clinical Interview for Diagnostic and Statistical Manual of Mental Disorders, 4th Edition Axis I Disorders/Patient Edition (SCID-I/P; (27) ) supplemented by probes from the Eating Disorder Examination (4). Phone screens were administered by master's-level assessors who were trained in the SCID-I/P and the Eating Disorder Examination.
After study eligibility was determined, participants attended an informational session at the research facility during which they provided written informed consent. Participants then received thorough instructions on how to use the handheld computer (Handspring Visor) for the EMA assessment protocol. Participants were instructed to complete EMA recordings of mood and eating behavior each time they initiated an eating episode; each time they completed an eating episode; before bedtime; and in response to six semi-random prompts by investigators, which occurred every 2-3 h between 8:00 am and 10:00 pm (28) . Each articles Behavior and Psychology participant completed a 1-day trial period to ensure that they understood EMA procedures; trial data were not included in the analyses.
All 22 participants came to the research facility almost every day during the 7-day data collection period. In-person assessments for weekends were typically completed on Mondays. During these assessments, data from the handheld computer were uploaded and monitored for compliance, and research coordinators provided feedback to participants about the quality of the data. Missed EMA assessments were discussed and the research coordinator and participant attempted to problem-solve any issues that limited compliance with the protocol. The eating recordings were then used to interview the participants about their dietary intake.
Measures
EMA. For the 7-day EMA protocol, each participant was asked to rate mood, stress, hunger, and level of control over eating immediately before and after any eating episode. Negative mood was assessed using the Positive and Negative Affect Scale (29) . The Negative Affect Scale comprised the sum of five items (afraid, scared, upset, distressed, and jittery), all of which were rated on a 5-point scale, with a score of "1" indicating "Not at all" and a score of "5" indicating "Extremely" for each mood state. LOC assessment was based on the construct as described in the Eating Disorder Examination. That is, during the EMA orientation period discussed above, participants were instructed that LOC refers to the feeling that one cannot control what or how much one is eating, or the experience of feeling driven or compelled to start or continue eating. Ratings for premeal LOC ("Please rate how much control you currently feel over your eating") were made on a 1-to 5-point Likert-type scale. A rating of 1 on the scale corresponded to "Complete control" and a five signified "Complete LOC"; postmeal, participants responded to a "yes/no" question as to whether they had experienced LOC while eating. For the current study, we opted to utilize LOC ratings prior to the eating episode to limit retrospective recall bias and to allow for examination of the full range of experience of LOC (i.e., use of a continuous vs. categorical variable). LOC ratings prior to eating episodes were significantly associated with those reported after eating episodes (t (463) = 8.20; P < 0.001), indicating that if individuals reported feelings of LOC before initiating an eating episode, they were likely to report having experienced LOC upon completing the episode as well.
Eating behavior. Upon presenting to the research institute each day, participants were queried about the details of each eating episode recorded on their handheld computer, as well as if they had forgotten to record any eating episodes. Next, the Nutritional Data System for Research (30) was used to generate nutritional intake data for each reported eating episode. The Nutritional Data System for Research is an interviewer-based assessment that provides nutrient intake data for foods eaten over a 24-h time interval. It has been described as the gold standard method of assessing food intake in the natural environment (31), and it has been used successfully for research in overweight and obese samples (32) . Following each Nutritional Data System for Research interview, the nutritional data of interest were merged with the time-stamped EMA data in order to create a temporal profile of eating episodes and LOC ratings for the previous day.
Statistical analysis. Data were analyzed using SPSS 18.0. All analyses included participants with and without BED. A linear mixed model approach was used to examine the relation between the dependent variable of momentary mood, and the independent variables of LOC, episode size (i.e., kilocalorie content of eating episodes), and group. Mixed-effects analyses were based on a general linear model with a random intercept and random effect for study day. Serial correlation between observations was modeled using a heterogeneous first-order autoregressive structure. Two mixed model regressions were run: the first model examined premeal negative mood state, while the second model examined postmeal negative mood state. The second model controlled for premeal negative mood state. For each model, we tested all two-and three-way interactions among the independent variables. The intraclass correlation coefficient for the premeal negative affect model was 0.38 and for the postmeal negative affect model was 0.14.
results descriptive characteristics
Participants were 22 obese (M BMI = 38.90 ± 8.67) adults (86.4% female; n = 19), 9 of whom met criteria for BED and 13 of whom served as non-BED controls. Participants were 35.7 years old, on average (s.d. = 11.9), and described themselves as white (90.9%; n = 20), black (4.5%; n = 1), or American Indian/ Alaska Native (4.5%; n = 1). Due to the small sample size and the relative homogeneity of the sample, demographic comparisons were not conducted.
A total of 2,009 separate EMA recordings were provided by the 22 participants over 166 separate participant days, which included 566 premeal recordings, 477 postmeal recordings, 838 responses to semi-random prompts (out of a possible total of 924 responses (six signals per day over the 7-day study period for each of 22 participants); 90.7%), and 128 beforebedtime recordings (out of a possible total of 154 recordings (one recording per day over the 7-day study period for each of 22 participants); 83.1%). The average number of recordings per day was 12.1 and the average number of eating episodes per day was 3.4. The average premeal LOC rating across all observations, including those obtained prior to meals, before bedtime, and in response to semi-random prompts, was 3.75 ± 1.16 (n = 1467; range = 1-5). The average kilocalories consumed per eating episode was 586.9 ± 625.4 (n = 251) for participants with BED and 569.0 ± 556.3 (n = 315) for participants without BED. For participants with BED, 11.9% of all eating episodes were classified as binge eating (i.e., consumption of at least 1,000 kilocalories accompanied by a LOC rating of 3 or greater on the 1-to 5-point Likert-type scale, indicating at least moderate LOC; 26) compared to 7.7% for participants without BED.
Premeal negative affect
For premeal negative affect, there was a significant main effect for LOC (t (1,427) = 4.61; P < 0.001; see Table 1 ), indicating that for all participants, greater LOC was associated with higher premeal negative affect regardless of the amount of food eaten. The pseudo R 2 for the full model was 0.06, which is between a small (R 2 = 0.02) and a medium (R 2 = 0.14) effect size (33).
Postmeal negative affect
For postmeal negative affect (adjusted for premeal negative affect), there were no main effects for LOC, kilocalories, or group status (Ps > 0.10; see Table 1 ). However, the two-way interaction between kilocalories and group was significant (t (1,59) = −2.86; P = 0.006). Figure 1 illustrates that for the BED group, postmeal negative affect was unrelated to the amount of food consumed; however, for individuals without BED, greater kilocalorie consumption was associated with lower postmeal negative affect. The three way-interaction between LOC, kilocalories, and group was also significant (t (1,59) = −2.28; P = 0.03), such that for the BED group, greater LOC was associated articles Behavior and Psychology with greater postmeal negative affect, and lower LOC was associated with lower postmeal negative affect, regardless of the amount of food consumed. For individuals without BED, the combination of greater LOC and greater kilocalorie consumption was associated with lower postmeal negative affect. For participants without BED who reported low LOC, postmeal negative affect was unrelated to the amount of food consumed (see Figure 2) . The pseudo R 2 for the full model was 0.04, which is between a small (R 2 = 0.02) and a medium (R 2 = 0.14) effect size (33) .
discussion
The purpose of the current study was to examine the importance of LOC and the amount of food consumed in relation to pre-and postmeal negative affect among obese adults with and without BED. Consistent with our hypotheses, we found that LOC, but not the amount of food consumed, was associated with higher premeal negative affect regardless of diagnostic status. Moreover, for individuals with BED, greater feelings of LOC were associated with higher postmeal negative affect, regardless of the amount of food eaten. For obese controls, the combination of LOC and consumption of large amounts of food was associated with lower postmeal negative affect. Overall, results suggest that for individuals with BED, LOC is a salient feature in determining the immediate emotional context surrounding eating episodes.
Our finding that LOC, but not the quantity of food consumed, nor their interaction, was associated with premeal negative affect seems to suggest that low mood may be a trigger for LOC eating but not necessarily for overeating. This finding is consistent with affect regulation theories of binge eating (15) and suggests that obese individuals predisposed to aberrant eating may be more likely to disinhibit or abandon control over eating in the face of distressing feelings. Alternatively, LOC may be experienced as a way of "numbing out" or dissociating when confronted with difficult emotional stimuli (5). In turn, individuals may minimize awareness of the amount of food being consumed, which could explain the unimportance of episode size with regards to momentary negative affect. However, for articles Behavior and Psychology individuals with BED, this purported coping method does not appear to be effective regardless of the amount of food consumed, as indicated by our finding that increased feelings of LOC were related to greater postmeal negative affect irrespective of kilocalorie consumption. These results are consistent with previous EMA studies of binge eating (22, 23) and may support the trade-off theory of binge eating (16) , which purports that specific aversive emotions experienced prior to binge eating (e.g., loneliness) are replaced by less aversive emotions subsequent to binge eating (e.g., guilt). However, further research regarding changes in specific mood states surrounding aberrant eating is needed. More generally, these results appear to indicate that the current Diagnostic and Statistical Manual of Mental Disorders, 4th Edition criteria for binge eating (i.e., consumption of unambiguously large amounts of food accompanied by LOC) may not accurately reflect the experience of individuals with BED. Indeed, LOC, when accompanied by relatively small amounts of food, was as strongly related to postmeal distress as LOC accompanied by larger amounts of food. Thus, the overeating criterion for binge eating may not be necessary, and its elimination could potentially result in improved identification and treatment for individuals struggling with aberrant eating. In particular, interventions focused on tolerating negative affect may be helpful in reducing problematic eating among obese adults.
A different relationship between eating behavior and postmeal mood state was identified among obese controls, whereby the combination of greater feelings of LOC and increased kilocalorie consumption was related to lower postmeal negative affect. It is possible that because obese controls do not engage in recurrent binge eating (at least at a threshold warranting a BED diagnosis), the effects of binge eating are still positively reinforcing. Conversely, individuals with a persistent pattern of binge eating (i.e., those with BED) may experience greater negative consequences secondary to binge eating (e.g., interruptions in interpersonal relationships, occupational impairments (34)) during the course of their illness.
We detected a significant two-way interaction between group and kilocalorie intake with respect to postmeal negative affect, such that among the obese controls, greater intake was related to decreased postmeal negative affect, whereas within the BED sample, intake was unrelated to postmeal negative affect. This finding may reflect disturbances in sensitivity to food as a reward among obese individuals (35) . Several studies have found that obese individuals differ from those of nonoverweight status in terms of their behavioral and neurological responsivity to food cues (e.g., (36)), and preliminary data suggest that differences are even more pronounced in obese individuals with BED (37) . There are competing theories about the nature of reward sensitivity in obesity, with some investigators hypothesizing that hypersensitivity to food as a reward leads to obesity, as the inherent reinforcing properties of food lead to over-consumption (38) . By contrast, others suggest hyposensitivity to food as a reward as an alternative pathway to obesity, whereby individuals overeat to compensate for a reward deficit (39) . It is unclear whether obese individuals with and without BED differ in terms of the nature of their neurological response to food cues. Future research should elucidate the differences we found between individuals with and without BED in relation to associations between quantity of eating episodes and subsequent mood state.
Strengths of the current study include the use of Nutritional Data System for Research data to quantify eating episodes, which not only enhances the validity of our findings, but also minimized reliance on participants' subjective perception of eating episodes (i.e., whether or not to label an episode as a binge). In addition, the use of EMA data speaks to the ecological validity of our findings. Finally, to our knowledge, EMA methodology has not yet been utilized to study the importance of LOC and episode size with respect to momentary negative affect, making this a novel contribution to the binge eating and obesity literature.
The current study also has several limitations. Our sample size was quite small and, because of this limitation, we were unable to compare different types of categorical eating episodes (i.e., objective binge eating vs. subjective binge eating vs. overeating without LOC) in terms of affective precursors and consequences. Nevertheless, examining the amount of food eaten and LOC ratings continuously allowed us to include a large number of data points across participants and sampling time-points. Moreover, although EMA data limit retrospective recall bias, data collected were still based on self-report, which is prone to other types of biases (e.g., social desirability bias). Because an abbreviated form of the Positive and Negative Affect Scale was utilized in the EMA protocol, we were not able to examine specific facets of negative affect (e.g., guilt) in relation to eating episodes; as noted previously, future studies should investigate changes in specific mood states surrounding aberrant eating. Daily monitoring of mood and eating behavior, and presenting for repeated in-person assessments over the study period, could have altered participants' behavior, thus compromising the reliability of our data; however, previous research has demonstrated that EMA assessment produces minimal reactive effects in terms of eating disorder behaviors (40) . Finally, LOC ratings were collected prior to and subsequent to, but not during eating episodes. It is possible that in some instances, LOC may have developed during the course of the meal. However, due to the practicality and possible reactive effects of obtaining such measurements, it was not feasible to assess LOC during eating episodes.
In summary, the current study suggests that overeating and LOC have differential contributions to the emotional context surrounding eating episodes in obesity. Results have important implications for both the classification and theoretical understanding of binge eating, namely, suggesting that for individuals with BED, LOC, regardless of the amount of food consumed, is related to increased feelings of distress. Findings also underscore the importance of further investigating binge eating and emotional eating in obese individuals without BED, as these types of pathological eating episodes appear to be prevalent and related to distressing emotions even in the absence of full-syndrome BED. Further research is needed to 
